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Abstract—During the last few years, intensive research efforts
are being done in the field of brain interfaces to extract neuro-
information from the signals representing neuronal activities
in the human brain. A recent development of these interfaces
is capable of direct communication between animals’ brains,
enabling direct brain-to-brain communication. Although these
results are new and the experimental scenario simple, the fast de-
velopment in neuroscience, and information and communication
technologies indicate the potential of new scenarios for wireless
communications between brains. Depending of the specific kind of
neuro-activity to be communicated, the brain-to-brain link shall
follow strict requirements of high data rates, low-latency, and
reliable communication. In this paper we highlight key beyond
5G technologies that potentially will support this promising
approach.
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I. INTRODUCTION
In brain-to-brain communication (BBC) the information is
obtained by interfaces that combine neurostimulation, neu-
roimaging, and neuromodulation methods to obtain and deliver
information between brains, allowing direct brain-to-brain
communication. In very basic terms, information is extracted
from the neural signals of a sender brain, digitized, and
then delivered to a receiver brain. Importantly, electrical or
behavioral feedback improve performance of both subjects.
Early interest in BBC came from the potential for expanding
human communication and social interaction capabilities [1]–
[4]. BBC is still in its infancy and lack several key features
of real-world human communication. For example, subject
interactivity has been minimal.
On a parallel front, new advances in BBC have been
designed to support communication for more than two human
subjects. One possible scenario is composed by a communi-
cation structure that supports two Senders and one Receiver.
However, based on authors statement, it can be readily scaled
up to include multiple Senders. Additionally, researchers are
currently exploring the use of novel techniques as functional
magnetic resonance imaging (fMRI) that will increase the
bandwidth of data transmitted over BBC interfaces [5], [6].
Nevertheless, the recent BBC results are still characterized
by restricted information with low data rates. In this sense,
we would like here to point out potential requirements for
novel wireless communication scenarios [7] where different
nodes inside a specific wireless coverage are interchanging
information through a variety of communication mechanisms
(either half-duplex or full-duplex communication). Besides, a
variety of communication network topologies shall be driven
by specific applications (from simple commands to a more
complex conversation). In this context, new challenges for
the wireless network need to be addressed. Specially, at the
initial stages, an important requirement will be related to low
latency with high reliability for low data rate. However, as the
technology matures, the network should support higher data
rates as a future evolution of BBC applications.
It is not difficult to realize the potential applications that
BBC will introduce in the society. For example, the rehabili-
tation of persons suffering from poor motor conditions is one
of the core drivers that motivate research in this field. It is
easy to see that not only health applications would benefit
from the development of BBC but also industrial application
in robotics and automation. Entertainment and social relations
may also become scenarios where BBC could be the next
(revolutionary) step after human-computer interfaces based on
virtual/augmented reality and social media interactions.
The role of technologies beyond 5G is important in this
novel application for wireless networks. In this short paper,
we introduce a vision of future wireless networks that will
potentially support BBC. This includes the network architec-
ture, some potential applications, and its possible impairments,
which is the focus of Section II. In Section III, we listed some
requirements and technologies that will enable BBC. Finally,
a brief summary is done in Section IV.
II. NETWORK ARCHITECTURE FOR BRAIN-TO-BRAIN
COMMUNICATION FOR BEYOND 5G TECHNOLOGIES
A basic network architecture developed by early research
results in BBC is shown in Fig. 1. Here is possible to
check that actual prototypes use personal computers with high
processing capacity and the communication channel is a wired
link to optimize the network performance. In wireless systems
beyond 5G, one important requirement should be related to
optimize latency/jitter and reliability using Ultra Reliable Low
Latency (URLL) methodologies. Other important requirement
is that wireless network should guarantee a true quality of
service, even when the network considers simultaneously
communication with high interference scenarios.
Based on the fact that BBC is composed by a variety of
topologies (point-to-point, point-to-multipoint) using a diver-
sity of data propagation over the network (unicast, multi-
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Fig. 1. Architecture of the brain-to-brain communication developed in [5].
cast, broadcast), one important requirement is flexibility in
the radio resource management to optimize wireless channel
resources. In our vision, the first stage application of beyond
5G technologies in BBC should consider a limited network
coverage with capacity to apply radio resource management
policies (as cellular network does) but without the dependency
of a backhaul. A mix of cellular network features with the
practicality of non-licensed networks as Wi-Fi will converge
to a network architecture that will depend strongly of self-
organized networks (SON) features to optimize the wireless
system performance. It is also important to mention that the
concept of micro-operator with local licenses would be a
potential solution.
III. BEYOND 5G REQUIREMENTS AND ENABLERS OF
BRAIN-TO-BRAIN COMMUNICATION
1) Generalized Frequency Division Multiplexing (GFDM):
It is a flexible waveform that is a generalization of the popular
Orthogonal Frequency Division Multiplexing (OFDM) [8].
This flexibility enables the possibility to support different data
rates and different latency values that is possible because
GFDM is a generalization of OFDM with many optional
configurations of subcarriers and subsymbols. Other important
advantage is that in the latest years many research investment
was done in this waveform to improve GFDM encoder per-
formance.
2) Non-Orthogonal Multiple Access: Scenarios with high
user density decrease the performance of the system. However,
when non-orthogonal multiple access (NOMA) is used, many
research results have shown that the capacity network could
be improved [9]. In the case of beyond 5G, we expect to apply
hybrid solutions using NOMA methodologies to support the
various scenarios of BBC.
3) Artificial Intelligence: Digital signal processing is a
key tool in most of wireless communication technologies.
However, artificial intelligence techniques are gaining popu-
larity, even in detection, channel estimation, radio resource
scheduling, and power optimization [10]. So, it is expected
that popularity of artificial intelligence will provide a positive
impact of BBC, specially to optimize dynamically the network
performance.
4) URLL in mmWaves: The cellular generation 5G has two
important key technologies to support independently indus-
try requirements, they are URLL and mmWaves (millimeter
Waves). However, to support BBC it will be necessary that
both technologies will join features in order to enable high
level quality of service requirements.
5) Local Core Network: With the improvement of pro-
cessors and hardware, it will be possible in beyond 5G
technologies to run local core networks without the necessity
to operate with a backhaul connectivity, as is used today.
This feature, will have strong consequences in the business
model and application of these future networks [11]. This
independence does not imply that features related to network
management will be neglected. However, this networks will
gain the popularity of WiFi with the advantage to support
advanced features.
IV. CONCLUSIONS
We presented the path for beyond 5G technologies to
support BBC based on the similarity of requirements with
other future wireless applications. Most of these requirements
are related to URLL communication and simultaneously the
network considers scenarios with a high user density. The
diversity of topologies and use cases imply that beyond 5G
technologies should be provided with intelligence to optimize
the communication network. It implies that the diversity of
scenarios should be optimized from the waveform flexibility
to the application of artificial intelligence in the radio resource
management.
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